The H + LiF(X 1 Σ + , v = 0 − 2, j = 0) → HF(X 1 Σ + , v ′ , j ′ ) + Li( 2 S) bimolecular process is in- 
I. INTRODUCTION
Quantum mechanical tunneling through an energy barrier has long been recognized as an important process in a variety of chemical reactions [1] . Recently, evidences for tunneling in reactions have been reported, for instance, in enzymology [2] , organic [3] , atmospheric [4] , and interstellar chemistry [5] . This mechanism is also being investigated at cold and ultracold temperatures in the context of chemical reactivity involving Bose-Einstein condensates (BEC) of diatomic molecules [6, 7, 8] where tunneling is thought to be the dominant reactive process [9, 10, 11, 12] .
Analysis of subthreshold resonances in the energy dependence of reaction cross sections can provide important insight into the reaction mechanism as illustrated recently for FH 2 [13, 14] , HOCl [15, 16] , HCl 2 [17] and LiHF [18, 19, 20] . For these systems, resonances were attributed to the decay of quasibound van der Waals complexes in the entrance and/or exit channels of the reaction. The LiHF system is especially interesting since at low temperatures where tunneling is preponderant, the reaction pathway between the H + LiF and Li + HF arrangements involves the transfer of the relatively heavy F atom. The LiH + F product channel is highly endoergic and is not accessible at low energies. The LiHF system has been extensively studied experimentally and theoretically. Indeed, after the original crossed beam measurement of Taylor and Datz [21] , the Li + HF reaction became a prototype for experimental investigation of the "harpoon" mechanism [22] and many measurements of the integral and differential reactive cross sections have been reported [23, 24, 25, 26, 27, 28, 29, 30, 31] . Moreover, LiHF is particularly amenable to ab initio calculations of chemical accuracy, therefore explaining the variety of potential energy surfaces (PESs) available for the X 2 A ′ symmetry electronic ground state [32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49] . A large number of quantum mechanical [19, 20, 25, 26, 27, 28, 32, 33, 50, 51, 52, 53, 54, 55] and classical trajectory [27, 56] scattering calculations have been performed on these PESs for the Li + HF collision. In contrast, the H + LiF collision has received no theoretical and experimental attention, to the best of our knowledge. The lack of experimental results may be explained by the difficulty in working with metastable hydrogen atom sources in crossed beams experiments.
In this work, we present quantum scattering calculations on the X 2 A ′ LiHF electronic ground state for the H + LiF(
Calculations have been performed for zero total angular momentum using the recent high accuracy global PES of Aguado et al. [49] . In the context of our study of the reverse reaction [20] 
B. Quantum scattering calculations
Quantum reactive scattering calculations were carried out using the coupled-channel hyperspherical coordinate method as implemented in the ABC program [58] . In this method, the Schrödinger equation for the motion of three nuclei on the parametric representation of a single Born-Oppenheimer PES is solved in Delves hyperspherical coordinates with exact reactive scattering boundary conditions. For all arrangements of the collision products, parity-
, are calculated for each (J, P, p) triple. Here, J is the total angular momentum quantum number, P and p are the triatomic and diatomic parity eigenvalues, respectively; v and j are the usual diatomic vibrational and rotational quantum numbers and k is the helicity quantum number for the reactants, their primed counterparts referring to the products. After transformation of the parity-adapted S−matrix elements into their standard helicity representation, S J v ′ j ′ k ′ ,vjk , initial state selected cross sections are computed as a function of the kinetic energy, E kin , according to
where k vj is the incident channel wave vector and the helicity quantum numbers k and k ′ are restricted to the ranges 0 k min(J, j) and 0 k ′ min(J, j ′ ). For zero total molecular angular momentum and s−wave scattering in the incident channel, Eq. (1) merely reduces to a summation over the quantum number v ′ and j ′ . The cumulative reaction reaction probability (CRP) is also computed using the formula
where E is the total energy and the summation is over all open channels of the reactant and product molecules. For J = 0, reaction rate coefficients are further evaluated as the product of the cross section and the relative velocity, as a function of the translational temperature,
Owing to the predominance of quantum tunneling in reactions involving energy barriers at low temperatures, reaction probabilities are generally small for translationally cold and ultracold collisions. Therefore, extensive convergence tests have been carried out for the initial-state-selected and state-to-state reaction probabilities of the exothermic H + LiF(v = 1, 2, j = 0) → Li + HF(v ′ , j ′ ) reactions. Convergence of our scattering calculations was checked with respect to the maximum rotational quantum number, j max , the cut-off energy, E max that control the basis set size, the maximum value of the hyperradius, ρ max , and the size of the log derivative propagation sectors, ∆ρ.
Converged reaction probability for LiF formation in H+LiF(v = 1, 2, j = 0) collisions were obtained over the range 10 
where k vj is the wave vector in the incident channel. We found α 10 = +9.100Å and α 20 = +9.159Å for v = 1 and v = 2, respectively. However, for numerical reasons, the Wigner's threshold law for inelastic reactive and nonreactive collisions, i. e.
is preferred over Eq. (4) to evaluate the imaginary part of the scattering length. In Eq. 
which yields σ 
IV. CONCLUSION
We have investigated the scattering dynamics of the H + LiF( formation in H + LiF(v = 0 − 2, j = 0) collisions (energies in eV). 
